The problem of placing sensors plays a significant role in the domains of structural health monitoring (SHM) applications and parameter estimation in structural dynamics. In this paper, the particle swarm optimisation (PSO) algorithm is introduced firstly and utilised to place sensors optimally on a truss structure for the purpose of modal identification. Then, two different types of fitness functions are constructed as to be the optimal criteria, which are based on modal assurance criterion (MAC) and maximising measures of the observability gramian matrix, respectively. The former one is mainly used to distinguish between two sets of mode shapes with the aim of maximising the off-diagonal elements in MAC matrix, and the latter one ensures proper observability of the structure. Finally, a truss structure model is considered as an example to demonstrate the efficiency and validity of the proposed method. Numerical results show that the two approaches using the PSO algorithm can find the optimal location of sensors successfully and identify the modal frequencies of the truss structure accurately by acceleration FRF method.
INTRODUCTION
During the past several decades, a large number of research results have been reported on the structural health monitoring (SHM) and damage identification using modal data, such as large-scale space structures, high-rise buildings, long-span bridges and offshore platforms, etc. Therefore, the modal parameters identification from vibration data is crucial to estimate the state of structure in engineering domain. It is well known that the dynamic characteristics of a structure that can be extracted from measurements depend on the number and location of sensors. Inevitably, an important issue of the optimal sensor placement (OSP) should be encountered during pretest planning. Generally speaking, the more number of sensors are utilised, the more detailed information is obtained. The number of sensors applied in an engineering structure, however, is normally limited by the constraints of economic factors, workloads and placing space, etc. Hence, the sensors are placed in the most advantageous locations so as to achieve the best performance.
For the problem of optimal sensor placement, a variety of approaches have been developed on dealing with the optimal sensors placement problem, and detailed reports are published in literature. Early in 1991, Kammer 1 developed an effective independence (EI) method for the selection of sensor locations from a larger candidate set based on their contribution to the determinant of the corresponding Fisher Information Matrix (FIM). Shih et al. 2 proposed a method of placing sensors and actuators to obtain reliable measured data for estimating the modal parameters, which is based on the controllability and observability measures for second-order linear systems. Debnath et al. 3 proposed the modal contribution in output energy (MCOE) which is evaluated using observability gramian as modal measure to evaluate modal participation and apply in this modal approach framework for sensor placement. Chow et al. 4 addressed the problem of optimally placing sensors on a typical transmission tower so as to extract as much information as possible for structural model updating. Heo et al. 5 presented a kinetic energy optimisation technique (EOT) to place sensors for SHM of a long span bridge. Cobb et al. 6 and Shi et al. 7 presented a method of optimising sensor locations for the purpose of localising structural damage sites. Xu et al. 8 studied the optimisation of sensor locations based on the sensitivity analysis of the strain mode perturbation matrix with aim of damage detection for space truss structures. Papadimitriou 9, 10 proposed a rigorous formulation of the optimal sensor placement problem for structural identification based on the information entropy measure of parameter uncertainty. Meo et al. 11 investigated six different optimal sensor placement techniques on a bridge structure with the aim of maximising the data information so that the structural dynamic behaviour can be fully characterised. Hanis et al. 12 presented a new approach to op-
